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STUDIES ON THE TEMPORAL FREQUENCY 
CHARACTERISTICS OF VISION BY PHOTIC 
DRIVING METHOD (III) 
-- TEMPORAL FREQUENCY CHARACTERISTICS 
OF COLOR VISION-
By 
HIROSHI K 0 MAT S U (!N~ *1z:)l 
(Tohoku Social Welfare University) 
Temporal frequency response characteristics of human color VISlOn were examined by 
utilizing the photic driving method. Following 20 sec of white-light adaptation and 10 sec of 
chrom1tic driving, white-test light (TL) was presented to the S's right eye for 1 sec in order to 
measure the fluctuation of CFF (critical flicker frequency) an indicator of the particular 
relationship between the wavelength and the frequency of driving light (DL). CFF is lowered 
when the previous photic stimulation is perceived as flickering (Alpern & Sugiyama 1961). The 
lowest limits of TL CFF indicate the highest effects of driving; that is, it revealed the close 
relationship between the wavelength and the frequncy of the flickering DL. Although the 
driving and the test lights were sinusoidally modulated, the adapting light was a 1 KHz 
rectangular pulse train. Stimululi were presented to Ss through a common disk pattern subtend-
ing 8" set in a Maxwellilan viewing system. 
Results for color-normal Ss showed: 1) The peak frequencies of the driving effects were 10-
13 Hz for blue (446, 468 nm), approx. 15 Hz for green (500, 535.5, 545 nm) and 17-18 Hz for red 
(600,640 nm). The driving effects of yellowish light were inconsistent among the Ss. The peak 
frequencies ranged from 15 to 18 Hz. The driving effects of white light showed main peaks at 
18-19 Hz. Subpeaks were noted at 8-10 Hz, with the exception of blue-driving. 2) Further 
examination of the yellowish lights revealed a complex distribution of peak frequencies. 
Results for color-deficient Ss displayed a lowering of the driving effects in regard to the 
deficient color, ascertaining that the driving effects mentioned above properly indicated the 
frequency characteristics of color channels. 
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Alpern & Sugiyama (1961) reported that 3 minutes' continuous observation of 
intermittent photic stimuli lowered CFF when the photic stimuli were seen as flicker-
ing, but raised CFF when the stimuli were perceived as fused. They termed this 
phenomenon "photic driving of the critical flicker frequency". 
Komatsu (1980a, b) indicated the following: when CFF is measured by increas-
ing or decreasing the frequency after prolonged viewing of intermittent photic stimuli, 
it causes the driving effects during CFF determination to fluctuate greatly. In order 
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to compensate for that defect the author devised a train pulse stimulation; 20 seconds' 
adaptation (1 KHz rectangular pulses with a duty ratio of 1: 1) was followed by 10 
seconds' photic driving. Immediately thereafter 1 second's test light was applied in 
order to examine the fluctuation of CFF. Subjects were asked whether the test light 
was seen as flickering or as fused. Measurements were begun at the frequency level of 
apparent "flicker" (or "fusion") and were repeated until "fusion" (or "flicker") was 
reported by the subject. The test light frequency was varied by a 1 Hz step in each 
trial. The adapting light of 1 KHz can be regarded as equivalent to a steady light. 
The driving stimulus was white or spectral light, while the adaptation and the test 
stimuli were white light. These disk-like stimuli patters were 8' in visual angle at the 
S's right eye. The appropriateness of such an approach was discussed in a previous 
report (Komatsu 1980a). 
Such a measuring technique enabled direct determination of the driving effects on 
temporal resolution of the visual system. I have previously reported (1980b) on the 
close relationship between driving stimuli wavelength and frequency with this 
method, e.g., color-normal subjects showed the highest driving effects at 10-12.5 for 
blue (468 nm), 15 Hz for green (545 nm) and 17.5 Hz or so for red (600 nm) or white. 
The above method is useful for studying the relationship between the processing 
of color and temporal frequency stimlus. In the present study the driving and the test 
lights were sinusoidally modulated for theoretical generalization. 
EXPERIMENT I 
The purpose of this experiment is to investigate, by the chromatic driving tech-
nique, the temporal frequency characteristics of normal color vision in regard to a 
relatively wide spectrum range. 
METHOD 
Basically the experiments were conducted as described in my previous reports 
with one exception: The temporal wave forms of driving light and test light were 
sinusoidal. Sinusoidal stimulation was produced as fluctuation of the time-averaged 
Fig. 1. 20 seconds' adaptation to 1000 Hz rectangular pulses with duty ratio of 1: 1 was 
followed by 10 seconds' driving light. Immediately thereafter 1 second's test light was 
applied in order to examine the fluctuation of CFF. The adapting light of 1000 Hz can be 
regarded as equivalent to a steady light. The temporal waveforms of driving light and test 
light were seen sinusoidal. 
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Fig. 2. Scheme of the stimulation system. 
intensity of the train pulses by sinusoidally modulating the duty ratio of the 1 KHz 
rectangular pulses (Fig. 1). Unlike manipulation of light source intensity, this 
method does not alter the spectral distribution. 
Apparatus: The experimental apparatus is shown schematically in Fig. 2. The 
spectral lights for driving were obtained through interference filters and were presented 
to Ss by means of a two channel Maxwellian view. Glow modulator tubes 
(SYLVANIA R113IC) were used for the light sources. 
Procedure: The stimulus intensity reached 200td at the peak of the photic pulse. 
The chromatic lights were adjusted with flicker photometry to be the equivalent of 
white light in intensity. The amplitude of the sine wave was set to obtain a stimulus 
frequency of 30 Hz to CFF. Driving frequencies and wavelengths are shown in Table 
1. Each combination of wavelength and driving frequency was examined by a 1 Hz 
Table l. Driving frequencies and wavelengths 
446, 468nm 5 8 10 11 12 13 15 20 25 30Hz 
500, 535.5, 545 nm 5 8 lO 13 14 15 16 20 25 30Hz 
572,580 nm 5 8 lO 15 16 17 18 20 25 30Hz 
600, 640 nm, White 5 8 lO 16 17 18 19 20 25 30Hz 
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step method in ascending and descending order. The sequence of frequency settings 
was randomized. One experiment was carried out for each wavelength. 
Subjects: Seven male undergraduate students free of color deficiency 
RESULTS 
The effects of driving were represented as the frequency differences (D-Hz) 
between the median of CFFs measured immediately after the chromatic driving 
(driving session) and the mean of CFFs measured in the control session, which was 
carried out before and after the driving session without chromatic driving. In order 
to examine individual differences, the results obtained from the 7 subjects are shown 
in Fig. 3-Fig. 7. Data implies that: 1) When the driving frequencies were lower 
than 30 Hz and flicker vision was induced, the temporal resolution of the visual system 
was lowered. 2) Peak frequencies of the driving effects differed in wavelength, which 
seems to indicate a close relationship between two information processing systems of 
color and temporal frequency. 3) The peak frequencies of the driving effects were 
lO-13 Hz for blue (446,468 nm), approx. 15 Hz for green (500,535.5,545 nm) and 17-
18 Hz for red (600, 640 nm). The driving effects of yellowish light were inconsistent 
among the Ss. The peak frequencies ranged from 15-18 Hz. The driving effects of 
white light peaked at 18-19 Hz. Subpeaks were noted at 8-lO Hz except for the case 
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Fig. 4. Driving effects of green light. (Ss: £:, HO, A MW, 0 MH, • HT, c::; MO, • HY, 
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EXPERIMENT II 
The driving effects of yellowish lights were examined. 
METHOD 
7 
The driving frequencies were 14, 15, 16, 17, 18 and 19 Hz for 545 nm, and 15, 16, 
17, 18, 19 and 20 Hz for 572 and 580 nm. For 600 nm and 640 nm, the driving 
frequencies were 16, 17, 18, 19, 20 and 25 Hz. The driving effects of each wavelength 
were measured 3 to 4 times. The subjects were three male undergraduate students free 
of color deficiency (HH, MO, and NA). Other procedures were the same as in Exp. 1. 
RESULTS 
The results are shown in Fig. 8. The most prominent feature of this experiment 
was sharp individual differences among the three subjects. The results can be sum-
marized as follows: 1) The driving effects of 572 or 580 nm showed peaks at 17-18 Hz 
in the case of MO. 2) NA showed two peaks at 16 and 19-20 Hz bimodially in 580 and 
572 nm drivings. 3) HH showed a peak at 16 Hz in 572 nm driving but complex 
peaks in 580 nm driving. The significance of these results will be discussed later. 
EXPERIMENT III 
Color deficient subjects were examined in order to insure that the driving effects 
mentioned above were color specific. 
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Fig. 8. Further experiments on the yellow 
driving. 
Mean of four experiments for NA and 
HH. 
Mean of three experiments for MO. 
Two protanopia subjects (JI and TT) and four deuteranomalia subjects (AK, HI, 
KN and MY) were examined. Their respective color deficiencies were confirmed by 
Ishihara's Color Blindness Test, Tokyo Medical College Color Vision Test, Japan Color 
Research Institute 100 Hue Test and anomaloscope. Red (640 nm)-, yellow (580 nm)-, 
green (545 nm)- and white-light driving were carried out. Other procedures were 
exactly the same as those of Exp. 1. 
RESULTS 
Results are shown in Fig. 9. Data confirmed that: 1) Driving by deficient color 
did not exhibit features characteristic of the color-normal SUbjects. For example, a 
peak at 18 Hz or so was not obtained in the 640 nm driving for the protanopes. As for 
subjects diagnosed as deuteranomalia, driving by 545 nm did not show a peak at 15 Hz. 
2) Color-deficient subjects gave nearly the same response as color-normal subjects in 
driving for colors not defective to them. The results of yellow driving require further 
studies on the dependence of "yellow-processing" upon the R-G channel. 
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DISCUSSION 
The temporal characteristics of human color vision have been investigated from a 
variety of standpoints. Stimulation duration is one factor. Mitsuboshi (1985) used a 
transient cancellation technique and indicated that chromatic mechanism response 
decreased when the exposure of a brief pulse of light exceeded lOO-200 msec. This 
result suggests that the color mechanism has certain crests of responsibility to intermit-
tent chromatic lights. Varner, Jameson and Hurvich (1984) examined chromaticity 
sensitivity of alternating paired chromatic stimuli and the luminance sensitivity of 
intermittent monochromatic light with modulation sensitivity as a measure. They 
indicated that sensitivity to equiluminous chromaticity modulation was maximal at 
lower temporal frequencies than for luminance modulation. The luminance sensitiv-
ity peaked at approx. 8 Hz in the case of 540 nm temporal modulation. Kelly, D.H. 
(1977) had already assured that flicker thresholds were controlled by the luminous 
component of the stimulus at high frequencies and by the red-green difference compo-
nent at low frequencies. In order to understand this two-band model and the results 
of a brief pulse experiment integrally, we must examine the same Ss with respect to the 
several aspects of temporal frequency from a brief pulse to recurrent pulses. In this 
sense the double flashes experiment seems to me very important. 
Kelly (1962a) obtained amplitude-sensitivity curves of the sinusoidally modulat-
ed white light and showed that there were three relatively consistent peak frequencies 
regardless of the adaptation levels. Further he indicated that each peak was reduced 
by the adaptation to certain specific spectral light. On the basis of these results, he 
concluded that the low-frequency band (4-7 cps) was controlled by the bluesensitive 
channel; the middle-frequency band (lO-15 cps), by the greensensitive channel; and 
the high-frequency band (20-30 cps), by the redsensitive channel (Kelly, D.H. 1962b). 
The results of the present experiments resemble those of Kelly. However, here 
the relationship between the wavelength and the temporal frequency was not quite 
identical to that of Kelly. Such discrepancies may be attributable to technical 
differences. Kelly measured the amplitude sensitivity of sinusoidal modulated white 
light during selective adaptation to the steady spectral light. In the present study, 
though, the critical fusion frequency of the white-test light was obtained after lO sec 
chromatic driving. This lO sec observation of driving stimulus may also enables us to 
apply the term "selective adaptation". In this case, however, the most probable cause 
of fluctuation in the CFF is resonance between the driving light and the proper 
temporal frequency characteristics of the chromatic channel. Judging from this point 
of view, the photic driving can be regarded as an external vibration to the visual 
system. Peak frequencies of driving effects are attributable to the maximal effects of 
resonance. In this sense the present method can be called a "resonance method". 
The relatively sharp peaks of red-, green- and blue-driving effects in Exp. I suggest 
that these chromatic channels have their own unique temporal frequency characteris-
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tics which should be attributed to cone functions. The effects of yellow-driving, on 
the contrary, varied from individual to individual and indicated broader peaks of 
driving effects. These results mean that spectral lights of 572 and 580 nm (yellowish 
light) are processed through plural channels, which was confirmed by the double peaks 
of driving effects revealed in Exp. II. Individual differences may be caused by a 
"functional dominance-shift" in the R-G channel processing of "yellow". 
In the present study Ss reported an after-image complementary to the driving 
wavelength. Although it is possible to consider the temporal frequency characteristics 
of the chromatic channel opponent to the driving wavelength, the lowering of the 
driving effects in color deficient subjects in regard to the deficient color ascertained 
that the driving effects mentioned above indicated the proper frequency characteristics 
of chromatic channels. 
Further research is necessary to rectify the discordant results obtained in the 
above approaches. Kelly (1976) maintains that when conflicting results are obtained 
with two quite different techniques, whether or not they are both "equally valid" 
depends on what model of retinal mechanisms are adopted, and on what parts of this 
model are being measured. It is clear that the present driving method will become 
more useful if it can distinguish cone-pigment functions and opponent color processes 
more clearly. Shepard (1984) attempted to upgrade "resonance" into "cognition". It 
is important, however, to establish its applicability to concrete phenomenon instead of 
using it only as metaphor. 
REFERENCES 
Alpern, M. & Sugiyama, S. 1961 Photic driving of the critical flicker frequency. Jaurnal of the Optical 
Society of America, 51, 1379-1385. 
Kelly, D.H. 1962a Visual responses to time-dependent stimuli. III. Individual variations. Jaurnalof 
the Optical Society of America, 52, 89-95. 
Kelly, D.H. 1962b Visual responses to time-dependent stimuli. IV. Effects of chromatic adaptation. 
Jaurnal of the Optical Society of America, 52, 940-947. 
Kelly, D.H. 1976 Differences between red and green color-mechanism characteristics: Interaction or 
artifact? Jaurnal of the Optical Society of America, 66, 1430-1435. 
Kelly, D.H. 1977 Two-band model of heterochromatic flicker. Jaurnal of the Optical Society of 
America, 67, lO81-lO91. 
Komatsu, H. 1980a Studies on the temporal frequency characteristics of vision by photic driving method 
(I)-Transitions of the temporal resolution of vision with the duration of driving. Tohoku 
Psychologica Folia, 39, 130-142. 
Komatsu, H. 1980b Studies on the temporal frequency characteristics of vision by photic driving 
method (Il)-The temporal frequency response characteristics of color mechanisms. Tohoku 
Psychologica Folia, 39, 143-158. 
Mitsuboshi M. 1985 Two temporal phases, brightness-dependent and -independent in the chromatic 
response elicited by a briefly-flashed monochromatic light: A preliminary report. Vision 
Research, 25, 1137-1145. 
Shepard, R.N. 1984 Ecological constraints on internal representation: Kinematics of perceiving, imagin-
12 H. Ko matsu 
ing, thinking, and dreaming. 91, 417-447. 
Varner, D., Jameson, D. and Hurvich, M. 1984 Temporal sensitivities related to color theory. Jaurnal 
of the Optical Society of America A, 1,474-481. 
(Received December 15, 1987) 
